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TI-59 PROGRAMS FOR MULTIPLE REGRESSION .

by

D. R. Barr

1. Introduction

The general linear hypothesis model of full f&ﬁk.“

[Graybill, 1961] can be written as

Y = x B + € , EAJN(O,UZI) ’
nxl nxk kx1 nxl

ST SN

where Y is the vector of n dependent variable values to be
observed, X is the "design matrix" of fixed values of the inde-

pendent variables, B8 is a vector of unknown fixed coefficients

in the model and ¢ is the unobservable random error vector.

The iEE row in this matrix equation, !

Y; = XgiBg * ByXpg *occc F BpXps toEy

represents the iEE dependent value to be ubserved as a linear

function of the iEE set of independent variable values:

XOi, Xli, oo ’ in.

The solution to the normal equations for estimating B8,

(x'x)B = X'y




where y is the nxl vector of observed outcomes on Y, can be found
using program-02 in the TI-59 master module, provided x'x is

of full rank k and 1 < k < 9. Due to space requirements for
computing x'x, the program presented here requires k < 8.

Also, because of optional programs (which run faster) for k = 2
(OP12~-0P15 and :r+) and k = 3 (statistics module program 18),

the programs presented here are most useful for 3 < k < 8. There
is no limit on the number of observations, n. Tests of hypotheses
about components of R can be carried out using a "reduced model”
solution, and confidence intervals for linear functions of the
coefficients can be obtained using (x'x)_l and 82, based

on the t-distribution, as outlined in [l1]. Tests and confidence
intervals for 02 can »e obtained from 32, based on the X2

distribution.

2. The Programs

Listings of two programs are given in the appendix.

Program #l1 serves two purposes:

(a) computation of x'x, x'y and y'y as rows of the data

matrix (x . y) are entered;

(b) computation of B8, R'x'y and (x'x) "1

for the full model.

Program #2 also serves two purposes: -
(a) computation of reduced model components (x'x)r and (x'y)r,

and loading them into memory:

{(b) computation of B;(x'y)r for the reduced model.

2
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A multiple regression problem is solved with these
programs foliowing the sequence:
(a) load Program #l1 (2 banks)
(b) enter rows of the data matrix
(c) store x'x and x'y on cards
(d) compute and record 8, B'x'y, (x'x)"L, y'y and x'y
(e) load Program #2 (1 bank), along with the stored data

(f) compute 'B\;(x'y)r for the reduced model.

Steps (c¢), (e) and (f) are optional, depending on whether it is
desired to test hypotheses that various components of g are
zero. Components of E and (x'x)—l can be recalled from
memory (or listed on the printer using the "INV LIST" command)
as desired.

Entering each row of the data matrix and updating x'x,
x'y and y'y requires from 30-60 seconds, depending on k.
Computation of E and (x'x)-l requires from 1 minute to 12
minutes, again depending on the dimension of x'x. 1In what
follows, we give instructions for using the programs in the TI
program record format. This is followed by an annotated example

printer output (use of the printer is optional). Program list-

ings are given in the Appendix.




3. Instructions

Instructions for running the programs are given in
Figures 1 and 2. Using the quantities computed when both programs
are used, an "analysis of variance" summary can be constructed.
The format of this table, and sources of its entries, are given
below, in Figure 3. An hypothesis of the form HO:Bi =0 is
tested with the F ratio with the "Bi sum of squares" in the

numerator and the "error mean square"

62 - Yy - g'X'x
n -k

in the denominator. Degrees of freedom for this F ratio would
be 1 and n-k. Note that the sum of squares due to regression
in the full model, é'x'y, generally is not partitioned into
independent components due to 80, Bl' cee g Bk unless the
design is "orthogonal" (x'x is diagonal). Thus, tests of
several hypotheses about components of £ are generally not
statistically independent. See [Searle, 1972] for a discussion
of how to proceed if it is desired to test several hypotheses
in the non-orthogonal case.

If one wishes to compute the coefficient of determination
Rz (which is not as useful as the related F-ratio), proceed
as follows. First, compute the "adjusted total sum of squares,"
SST(adj) = y'y - (Zyi)z/n, where y'y is stored in register 78,
Zyi in register 71* and n in register 08 at the first step of

Program 1. Then

E 3
See Comment in Figure 3.
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vmslmnmssxm-mnl. PMGE L  oOF 1 ﬂP‘ogrQoanble @

' PROGRAMMER ___SAR DATE _4/1/80 Program Record
Partitioning (Op 17) |_.S.T.D: | Library Moduyle ____ MASTER Printer OPTIONAL Cards__ 1
(Banks 1'2)
PROGRAM DESCRIPTION

for the general linear hypothesis model Y = X8 + ¢, calculates: x'x, x'y, Y'Y,
|x'x|, (x'x)-l. ;. a'x.'y. Ly;- Program can handle wp to 7 independent variables.
Running time increases as the dimension k of x'x increases. Any number n of
data points can be accommodated,

USER INSTRUCTIONS
STEP| PROCEDURE ENTER PRESS DISPLAY
| 1 Initialize N . . k B 1
H
2 | Enter rows of (x y) : xn-’lvs; x b+ Siechs X n-»l\/s; yl-ﬂi./s
B next row index

(repeat above sequence until all rows entexed).*

3 | Display x'x, x'y. Y'y, tyi (or use "INV LIST" with printegx)
#08 - (07 + k ): columns of x'x (note: #0§ is n)
#71 - (70 + k): x'y. (NOTE: #71 is Ly;-)

#78: y'y
R Mote: save x'x and x'y on cards if "rdduced model”| is desirpd (Banks 2,3,4)
| 4 | Campute 8 c 1

| . (with printer, [x‘x| is printed)
S | Display 8, 8'x'y, (x'x)-lz Recall (or use |{"INV LIST" wyprinter)

#08 - (07 + kz): Columns of (x' x)-l in permuted order--prder of permytation
. stored in #(08 + k ) - (07 + k2 + k)
(908 + k2 + K) - (07 + K2 + 2%): B
#71 -~ (70 + k): x'y
$79: B'x'y
USER DEFINED KEYS DATA REGISTERS (v IEB ) LABELS (Op 08) (see listing)
A ¢ ° [ow] (s} _ (€] . ok  Ga) (o _
? x'x update 1 ALL USED; 'INTERNAL (a5 _ v S _ T
¢ 2 1 p 3 .79 .0 ) FE S
. 8 computation , ARTITIONING ’1" 319 o e
t Initialize . . FA_E_m._ . E_0m
T s s B _m_am O . m_E.
,If an error in entfy is made, press ".SBR 015" m_E D oD om B
. B & m o O m.
: cand re-enter the data row. This must done o _mmEm
i ‘before pressing "B'Y. ! ' D D 3 58 |
3 [ ] . [
FLAGS 0[ 1 lJ sl ll 7] al [}
‘.‘ . £ 1977 Teas Insiruments incorporated W1
. f

FIGURE 1
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TITLE _MULTIPLE REGRESSION--PGM #2 PAGE 1 _OF_1 T Progrommob|e !@?-\
P

PROGRAMMER BARR _DATE __4/1/80 Pngme Record
Partitioning (Op 17) L3,1:9.7,9] Library Module __ MASTER PrinterOPTIONAL Cards_1
. (Bank 1) ;
PROGRAM DESCRIPTION ;

For use with multiple regression program #1 to compute the reduced model components

(x'x)r and (x'y)r, and to compute the sum of squares due to regression in the .
reduced model, B;(x'y)z.

USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY

1 Enter full data (x'x, x'y) into Banks 2,3, 4.

2 Load PGM #2 into.Bank 1.

3 Enter variable to be omitted A 0

(Repeat if several variables to be omittedt-
omit in decreasing order of subscripts)
1] L] ) L]

4 Compute Br(x y)I B Br(x y)r

USER DEFINED KEYS DATA REGISTERS (iwvi Il ) LABELS (Op08) (see listing) |

A Omit vat!.ables o 00-79 used 0 v, Diex)  (ce]  jar, (=) (=1

¢ Compute B;(x'y)r ! ! (FL o a) (810, (G suM 7R

¢ ? 2 (0] (1 (0] (%1 6™ _[Xx]..

0 N N (ser} (=1 _@®sy. (B)_. WA (]

t R P i (5] BB M ER..ER .

" s s [+ B < B -1 B > B v B v B R
_ m O e 3 0.k

' g ' (o IO B - < O T -

¢ ! ! m & | m m.

L} ' ' 0 O @ g 0. e .
€ ’ ] o B

FLAGS GI ' 11 i|_ s] 7[ l[ [

11877 Teaa, Incirgment, I o porated 1014966 1

FIGURE 2
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2 SSsT - SSE

R = (adj)
SST(adj)

where the sum of squares due to error is given by

~

SSE = y'y - B'x'y = (n-k)a2 .

4. Example. (k = 3 example from the TI "Applied Statistics"
module booklet; page 5-15) o

(1) Read in Program #1, banks 1 and 2,

(2) enter "3', press E,

y), as follows (do not forget the

(3) enter first row of (x

"l" corresponding to the constant term):

1/ R/S, 0, R/S, 0, R/S, 17.3, R/S, B (next row index displays),

(repeat this sequence, entering 9 rows of data as in

Table 5.2, which we produce in Table 1 for convenience.

row number a, a, a, dependent variable
1 1 0 0 17.3
2 1 0 1 18.1 :
3 1 0 2 18.7 |
4 1 1 0 18.6
5 1 1 1 19.1
6 1 1 2 19.5
7 1 2 0 19.6
8 1 2 1 19.9
9 1 2 2 20.3 ’




T b
|
i
% (4) write banks 2, 3, 4 to save x'x, x'y 1if tests of hypotheses
i about coefficients are desired (see listings below). Save
i y'y (register 78) and Zyi (register 71),
3 (5) press C to compute é, é'x'y, (x'x)_l,

} (6) recall and note desired components, as follows (see listing
below)

a) columns of (x'x) % in registers 08 to 16, order of

B T oy SVLp

columns permuted; permutation stored in 17, 18, 19
b) é in registers 20, 21, 22
c) x'y in registers 71, 72, 73

d) y'y (total sum of squares) in register 78

- " o e - o

e} B'x'y (sum of squares due to regression) in register 79.

(7) To test HO:aO

the first independent variable as follows:

= 0 (for example) reduce model to eliminate

a) read in data (stored at step 2) in banks 2, 3, 4
b) read in Program #2, bank 1
c) enter the variable to be deleted ("1" in this case),

press A

d) when computation is complete, Press B to compute the reduced

sum of squares due to regression

e) when computation is complete, the sum of squares due

to regression in the reduced model B'(x'y) (where
r r

"r means "reduced" ), is displayed and is stored in

register 79.

AT S T ————— e




f) The F-ratio for testing Ho:a0 = 0 is formed as follows:

g'x'y - é;(x'Y)r
(y'y - B'x'y)/(n-k)

= 2705.2

degrees of freedom are 1 and (n-k) = 6.

(7') If it is desired to test other hypotheses of the form

Hy:a; = 0, repeat the steps in (7) above, with appropriate

0
é entry of "i" at step (7c). (Step (7b) need not be repeated.)
! (7") It is desired to test a hypothesis that several coefficients
are jointly zero, Ho:ai = aj = e =a = 0, repeat

‘ step (7c) for each variable to be deleted, in descending

order of magnitude of the subscripts. In this case, the

F-ratio shown in (7f) should be divided by the number (say s) !

of remaining variables, and the F statistic has s and

n-k degrees of freedom.

(8) Values obtained for the example and the hypothesis illustrated
in step (7) are shown on the attached printouts. A summary

AQV table is shown in Table 2.

10
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Source df SsS F
Regression: full 3 3259.7161
reduced 2 2565.8327 693.88 _ 27
.1539/6

due to ao 693.8834
Total 9 3259.87

Error 6 (3259.87-3259.7161)=.1539 82 = .1539/6

Table 2. Summary AOV for example.

11
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Step 7c-7e: J

(enter "1",
press "A")

i
P R I S Y's]

ao
o1
0z

0z

T3, 4

rd, a5

1. O

E- ira

reduced 1o Oz
x'x . o3
(omit a,) . 10
0 11

[ry
e

—

L]
1z

13

9

5.

Q. 15
15. i&
Q. 7
o, 15
a. 19
0. 20
. il

—
reduced

i
®'y 174, 1
174.1
y'y asng, q:-r‘

Ix'x_| ' 144,

RN Bn ARy [ N 7Y DT

SR RS LTSRN Sy

-J -
N

(displayed and stored in 79)
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APPENDIX 1

PROGRAM LISTINGS

Note: Program #l1 is recorded with standard partitioning;
when run it internally partitions the calculator to 319.79.
Program #2 and data cards storing x'x and x'y (if written)
are written with 319.79 partitioning.

If it is desired to write Program #l1 after it has been
run, repartition back to standard format prior to writing

nd

(enter 6, press "2 OoP 17").

s
v
L4
¢

MY
134

15

T e

Car ™ i - PO




PROGRAM 1

LABEL ADDRESSES

gar 1S

aae 18 ¢
uzs
034
044
104
134
143

e
P
« «aMTT =M

o Lo O T =] T

3 GY G et e
~ L
Sl (U
ik

157
TE O35 1eW
217 23 LMY

226 24 CE

MULTIPLE REGRESSION
" PROGRAM 1 '

oo Fé LEL 086 72 oT= 052 05 05
aal 15 E 027 00 N ' 05% 0% 5
a0z 47 CNS 028 &3 OF 054 07 7
o0z 42 =STO =9 20 055 =5 +
0o4 0y 07 O30 R NSE 43 RCL
aas s = 01 ; 4 Cid

Qge

T— 1
D}
N
-4
[}

Y
2 0OF ozz
. ,

LU SN ES WAs SEY A e B o)

ol

oV
L 07

- -
'_' i ‘:I

i
- 1
&5 1 2
agy 1V ¢ azz & LE 0S% 42 =70
oo Ve LBL o34 iz B DEQD 08 DE
ooz 15 Cf 035 2 IHY 01 73 RCs
o1 7?3 RCs 036 £ STF 0oz 0% oOn
011 08 08 037 01t o ez 85 «
?12 28 RE HRCE= T I I Ded TS RCs
01z 44 SUM Coo03F 42 270 Q5 08 08
D S o400 02 03 OEE 54 o
015 03 5 041 42 =TD DET 32 MiT
Ore  ov + D4z 04 04 ez 8V IFF
‘ 017 42 570 043 TE LEL DES 01 0
fie 00 0o a4d 17 B IV T =
12 &9 0OF od4s 0% a7 1 3o
ozo 21 2y 046 OF o7z +
ke X i

021 43 RCL : 4=

£

Dzz 01 01 o4s 43
a2z 91 RBes ng9 oz
024 Te OLEL asn S4
gz2s 11 f %1 42

16

.+

Ove

avvy

P I on I N o B

LGRS B I Wy

s

RCL

DTy 4 -} iR

THTS PACR IS B&ST QWALITY PRASTICABLE «

Uived COPY STUAAL L. T L0 .
|

B I B R L |




IHY
STF
1

030 : FICL
K uTD

P | az ]

2
]
]
[
l
1
4

et Gt (T =] A e (T [0

FECL

e ray S ay Ty i i Ay Sy WP VR Wy

a o Gt 0 Dol 00 Gl Gl 00 QA L P O

o RS W I I OB ) I ON PR  C N e S W w1

—
L
o
™
o Lo u L
| ]
Ja
—t
Ja
Y

17

104 16 A° 154
s 07 7 155
1o Ot 1 156 . LE
107 =25 o+ 157 24 I
102 43 RCL 185 T RO
109 03 073 159 ; 07
1in 54 3 1E0 33 uE
111 42 =70 161 &85 +
112 05 05 I =
113 22 85 163 85 +
114 Sl 164 43 RCL
115 165 o4 04
- 116 166 54 3
.1 117 167 42 =70
ro, 118 168 0z Oz
: 11 169 T3 RO
@ 120 170 oz Qg
- 121 171 &7 EAQ
R 122 172 35 1.8
. 123 ' 173 9 OF
& 124 174 24 24
’ 125 175 &1 GTO
g 126 yTE 34 [
¥ 127 177 T& LEL

?RA‘IICABLB
T QUALITY v
THIS PAGE 15 BE3T R T 500 o

FiiuM CUL { r TS ot




178 35 1-¥
179 07 7
180 00 0O
181 85 +
182 43 RCL
183 02 02
184 54
185 42 ST0 .
18¢ 02 02
187 08 8
188 85 +
189 43 RCL
190 07 07
191 85 +
192 43 RCL
193 07 07
194 332 K&
195 85 +
196 43 RCL
197 04 04
198 S4
199 42 570
200 05 05
201 73 RC*
202 0z 02
203 T2 ST
204 05 75
205 43 RCL
20% 707
207 32 Hi
208 43 RCL
209 03 03
210 &7 En
211 23 LHE
212 &9 0OF
213 2z 23
214 &1 GT0
215 233 HeE
216 V& LEL
217 23 LHE
212 25 CLER
219 26 PGH
220 02 0z
1

221 15 E
2zz 00 0
223 4z 370

224 a1 i
285 Ve LEL
226 24 CE

THIS PAGE 1S BEST QUALITI FRACT1CABLE 18
FrooM COF Y FUrM otz TV G

43

]
[ S N XN L |

]

2T 0 P T




B R

et ehE D L R i T R

g

oo
0ol
oo
003
004
00s
00¢
oonv
oog
ao9
a1o0
011
ale
013z
014
01s
I:I 1 El
o1v
ol
19
nen
nz1
oz

a2z
0z4
025
a26
nzy

s

029

foou B s e

Q) QO LI 00 DA 0

PROGRAM 2

L O Ty g

Pk ook Puh P P

LABEL ADDRESSES

Q32
ovz
114
147

1ve

A

m
- =M

=

MULTIPLE REGRESSION

PROGRAM 2

P DI O

(]

AENS

(e}
)
o

o7
oI
039
040
041
04z
043
044

C 45

HET
047
04s
a49
Qs
051
nSez
usz
054
055
05e
a7

onon
L

i

+ fa 00

T Fa (T 0 N S0

Fe ) I

=J
nn

19

RETH oec 01 1
LEL 061 54 2
H o2 42 =70
570 063 04 04
De 064 43 RCL
= Qes Q7 o7
RECL O&e 75 -
e aev? 02
3 opeE 54
+ nes 42
= o W
! o7l ?e
vz 17

o

o
— " 0
0.
= e T T e [

amr-
- [l £ =]

ns 073 43 RC
- o4 07 O
RLCL 7% TS -
v aFe 01 1
2 a77 54
=70 ovs 42 =T

L4 o7 03
F ag
' 0a1

Ao

gl m o
CIo
N =M

=TT T W T
y
oK)
F
DI K AN |

Y,

OO ¢
)
T

XIS R ROV xR

D e

=Tl az 02
o Do S L)
oS 33

0 1T 00 00 0 00
o000 = T O B D0 Tl

oo G Lo L

THIS PAGE IS BEST QUALITY FRASTICABLE
FROM GO Y FURMN SILSD T DDC




-

090 ?2 INY 125 79 »7q 160

o
]
o
o

| 091 77 ‘gE 126 36 poy 161 {2 o
0%z 17 g 127 0z gz 162 &a gp
093 71 geg 128 13 ¢ 163 21 5y
094 19 g» 129 43 Rry 164 25 rip
095 g7 7 130 07 g 165 38 Fay
0% 01 g 131 4z s7g 166 G2 g
097 g5 4+ 132 00 “gp 167 15 g
098 43 ReL 133 43 poL 168 o5 o
093 08 g 134 03 Q3 169 o1 1
100 54 135 55 o 170 4z =71g
101 42 37q 136 43 oL 171 0z pz

| 102 05 g5 137 oF o7 172 7 Lgl
103 75 128 54 172 19 pe
104 01 135 42 s7p 174 73 Frs
105 54 140 01 gy 175 01 gy
106 42 s1p 141 7e Lp 176 €5 1
167 04 aq 142 13 [ 177 73 pra
108 43 prp 143 72 pry 178 05 ol
109 a7 g7 144 03 gz 175 5y o°
1o 75 - 145 a5 4 190 a4 s
11 43 ey 146 a7 7 131 g on
112 ge g 147 ap g 182 &3 pgp
fff fg 2 148 54 185 5 21

42 3 143 42 =37q 24 £a po
1S 03 g3 IS0 og4 g fﬁi §§ UE?
116 71 zpp 131 7?3 prs 12¢ a5 D;;
117 16 ge 152 04 g 187 g7 e
112 &3 pgF 153 7z =57+ 1ae 13 g
119 37 a7 134 01 oy 124 43 RrL
120 91 pog 155 2 gF 190 =5 ok
121 7e UL 156 2z a3 191 2] poo
122 1z g 137 &5 pF 192 on g
123 0g g 158 . 31 34 192 g5 4
124 42 =7p 15% 97 psz 154 aq ﬁ
195 oo 0

THIS PAGT I3 FofT QWALITY PRACTICABLE
FRUM GO L U0t eiss TU LG




5. References

GRAYBILL, F. A. (1961), "An Introduction to Linear Statistical
Models, Vol. 1, McGraw-Hill Book Company, Inc.

SEARLE, S. R. (1971), "Linear Models," John Wiley and Sons, Inc.




INITIAL DISTRIBUTION LIST

Defense Technical Information Center

Cameron Station
Alexandria, VA 22314

Library, Code 0142
Naval Postgraduate School
Monterey, CA 93940

Library, Code 55
Naval Postgraduate School
Monterey, CA 93940

Dean of Research

Naval Postgraduate School
Code 012A

Monterey, CA 93940

Naval Postgraduate School
Monterey, CA 93940
Attn: Andrus, Code 55As

. Barr, Code 558n
Brown, Code 55Bw
Esary, Code 55Ey
Forrest, Code 55Fo0
Gaver, Code 55Gv
Hartman, Code 55Hh
Howard, Code 55Hk
Hughes, Code55H1
Jacobs, Codeb55Jc
Kelleher, Code 55Ka
. Larson, Code 55La
.W. Lewis, Code 55Lw
Lindsay, Code55Ls
McMasters, Code55Mg
Milch, Code 55Mh
Miller, Code55Mu
Moroney, Code 55Mp
Neil, Code 55Nj
Parry, Code55Py
Poock, Code55Pk
Read, Codeb5Re
Richards, Code55Rh
Roland, Code 55Ro
Shubert, Code55Sy
Shudde, Code55Su
Sovereign, Code55Zo
Taylor, Code55TA

. Taylor, Code55Tw
Tysver, Code55Ty
Washburn, Code55Ws

.

PLLCOIDODMMIOUNODEI VPO UVUIMUVEMOLOIDLOD
DWOHOTMOTOMODIDIXIMMNIOENTIPDPULUOPUAXTZ0600M

22

NO. OF COPIES
2

—t et ) el el el ek d md ek rd d d ek e red e ok d e d amd o ek el d ad ek d ()




-

O . o 00 A n AR - g

[P S

 ————-.

Naval Postgraduate School
Monterey, CA 93940

Attn: P.W. Zehna, Code55Ze
J.Y. Yen, Codeb5Ye
R.J. Stampfel, Code 55

23

NO. OF COPIES

-—







